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   Thermoacoustic cooler is one of promising device for utilization of unused thermal 
energy. The objective of this paper is to study acoustic field and temperature field in the 
looped-tube-type thermoacoustic cooler and its performance improvement. The 
numerical simulation and experiment were carried out for various thermoacoustic stacks 
composed of mesh screens whose size of aperture was different under constant porosity.  
   Firstly, using finite-difference time-domain (FDTD) method, pressure, velocity and 
phase difference of sound wave were calculated for various stack structure. Since the 
calculated results were almost agree with the experimental results, the validity of 
analytical model was depicted. It was also found that the traveling-wave component 
increases with increasing flow resistance of the stack defined by aperture size of the 
mesh.  
   Secondly, heat-pumping process in the stack was numerically simulated taking 
account of heat exchange between the solid wall and the oscillating fluid. As the results, 
thermoacoustic cooling effect was clarified in relation to the thermal response of stack 
and the phase difference between pressure and velocity of the sound wave. The 
optimum size of aperture in the stack for thermoacoustic cooling was depicted 
experimentally and analytically. 
	 Finally, the performance improvement of a loop-tube-type thermoacoustic cooler was 
investigated by desigining of the new stracture of the stack and the looped tube. As the 
resutls, high performance of the proposed multi-mesh stack and multi-looped tube 
structure were indicated experimentally and analytically in comparison to single mesh 













	 第 1 章「緒論」では，本研究の背景と工学的意義が述べられ，次いで熱音響現象に関する従
来の研究を概観すると共に，本論文の目的を明らかにした．	 






	 第 3 章「実験装置および方法」では，本研究で用いる実験装置の構成と実験方法について示
した．実験装置は図１に示されるように，進行波音波による高い熱輸送効果が期待できる枝管
長さ 180mm，ループ管周長 869mmの枝管付きループ管型熱音響冷凍機とした．スタックの仕様
を表 1 に示す．スタックはステンレス製メッシュを長さ 50mm に積層した構造とした．本研究
では，空隙率を 0.74~0.77 の条件でほぼ一定とし，積層するメッシュの番数#16~#60 の条件で
操作することで ωτ を 0.14~1.83の範囲で変化させた．音場計測として，音圧，粒子速度，音圧
と粒子速度の位相差を 2センサー法を用いて測定した．  






えられる．式中の pは音圧，vx, vzは x, z方向の粒子速度，ρは密度，ηは減衰係数で空気部では
η =2kαρc/ (k2-α2)1/2（k :波数，α:音波吸収係数，c:音速），スタック部では金属繊維積層体の流れ抵
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の解析的検討を行った．音場解析の結果から，スタック 1 中心付近の位相差がループ 2 の追加
で 0°へ近づける効果があること，ループ 2内にも位相差 0°となる位置を形成できること示した．











Fig. 1 Schematic diagram of experimental apparatus 
 


















Fig.5 Distribution of energy density 
 
 

















Fig.10 Cooling heat flux in the single-looped tube type  
and the multi-looped tube type thermoacoustic cooler 
 

